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Disclaimer
The contents of this report were based on the best available information at the time of
publication.  It is based in part on various assumptions and predictions.  Conditions may change
over time and conclusions should be interpreted in the light of the latest information available.
 Chief Executive Officer, Department of Agriculture Western Australia 2001
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The catchment in 1990 prior to revegetation, shows sheep camping on the saline scald
in the creek line.
The high water use farming system incorporates a plantation of Tasmanian blue gum on
the margins of the saline area and perennial pastures in the valley floor.
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Summary
High water use vegetation systems for salinity control were trialed on a 70 ha catchment
located about 15 km north of Williams, Western Australia. The catchment receives about
545 mm annual rainfall and 1870 mm annual evaporation.
Development of salinity is characterised by passive discharge upslope from a dolerite
dyke. Because recharge exceeds the discharge capacity of current seeps, there is
potential for new seeps to develop in the mid to lower slopes.
Located immediately upslope from the saline edges of the drainage line, a commercial
plantation of 13 ha of Tasmanian blue gums (Eucalyptus globulus) is the main
component of the revegetation system. While it is still too early for accurate predictions
of final yields, measurement of tree productivity to age 6.2 years (August 1997) suggests
that production may be commercially viable on the better soils such as those which are
deep, have low salinity and no waterlogging. Yields will not be commercially viable in
waterlogged areas with saline groundwater.
Perennial pastures were trialed in the saline and waterlogged valley. Tall wheatgrass
was most successful in terms of establishment and persistence, providing feed out of the
main growing season (average of 2 kg/halyr). Puccinellia was most successful in
colonising and stabilising extremely saline areas.
Results to date suggest summer minimum groundwater levels measured in intermediate
depth bores (4-8 m deep) have been lowered by 1.0-1.7 m under the trees in the valley.
Winter groundwater levels were less affected, being lowered by up to 0.5 m. Deep
groundwater has remained unaffected to date. These early results are strongly
influenced by seasonal rainfall variation. At least another 10-20 years monitoring will be
required to determine the full impact of revegetation.
While this system appears to have stabilised salinity in the valley, it will not prevent the
further spread of salinity in susceptible areas upslope from the plantation. This will only
be achieved by increasing the water use over most of the catchment by at least another
20 mm per year.
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This report is one of six covering the results of the investigations into high water use
agricultural systems in ten small catcbments in the south-west of Western Australia.
These investigations were conducted between 1990 and 1997. The productivity and
groundwater responses of these catchments are reported. This report contains the major
findings from TKK Engineering’s catchment at Williams. For comparative analysis and
overall summary of all sites in the project, the reader is referred to the Technical Report
No. 179 in this series. Individual catchment reports available for the other sites are
numbered 174 (Kojonup), 175 (Darkan), 176 (Franldand) and 178 (Dinninup).
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1. Introduction
1.1 Background
Dryland salinity in the south-west of Western Australia has increased rapidly over the
past twenty years. This has led to a loss of productive agricultural land as well as a
decline in the quality of water resources. Unless the water balance of agricultural
catchments is modified, it is predicted that the area affected by salinity may double from
the present level of 1.8 million ha to over 3.0 million ha (Ferdowsian et al. 1996). In
response to this Situation, fanners, water resource managers and researchers have
begun the task of developing strategies for salinity control.
Research conducted prior to 1990 indicated extensive revegetation (greater than 25-
35% of catchment planted to trees) is necessary for regional groundwater and stream
salinity control. Most examples of revegetation in the agricultural areas show less than
5% of catchment area planted, with plantings largely restricted to establishment of salt
tolerant trees, shrubs and pastures on saline land. These small scale plantings are
largely ineffective in reclaiming saline areas or preventing salinity from spreading
upsiope (George et al. 1993).
A few small revegetation systems have effectively managed to control local groundwater
salinity problems. Examples include planting associated with a sandplain seep (George
1991) and an alley farming system in a valley at Boundain (Stolte et al. 1996). The
effectiveness of small scale plantings depends on the catchment location and
hydrogeology along with the nature of the salinity problem and revegetation system.
Extensive revegetation considered necessary by water resource managers to
significantly reduce salinity may result in over half the area of a catchment being planted
to trees. In the Wellington Catchment significant water table reductions of 2-8 m were
achieved by planting entire valleys or sub-catchments (3 0-80% of cleared area) to trees
(Schofield et al. 1989). Such an approach is not considered appropriate by most farmers
who view strategic planting on a smaller scale (e.g. 5-20% of catcbment area) more
favourably. Additional benefits may be obtained from such integration into the farming
system (Lefroy et a!. 1992). Specifically, farmers have expressed an interest in
integrated vegetation strategies which are productive (e.g. producing timber or fibre) and
provide additional benefits such as erosion control, stock shelter and out of season feed
on top of reducing the impact of salinity. This level of planting may halt or slow the
spread of salinity, but without additional recharge control it will not return a catchment to
previous hydrological balance.
In 1990 a range of tree, shrub and pasture Species were believed to have potential for
increasing farm water use and productivity (Table 1). Many of these options had not
been demonstrated on a farm scale in south-western Australia. The focus of this project
was to trial some of these options as part of a system which would be acceptable to
farmers, and to measure the impact on groundwater and farm productivity. ‘Agronomic
manipulation’ to improve water use by crops and pastures (Nulsen 1993) was also
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considered as a potential high water use strategy.
Table 1: Some of the high water use vegetation options presented to farmers
Option Use Examples
Pines for softwood P. radiata, pinaster
Eucalypts for pulpwood E. globulus
Eucalypts for timber E.grandis, maculata, etc.
Eucalypts for oil E. horistes, plenissima, kochii
Trees
Fencing off remnant
vegetation
E. marginata, wandoo, calophylla
Tagasaste on deep
sands
Chamaecytisus proliferus
Acacia saligna on saline
and waterlogged land
Acacia saligna
Fodder
shrubs
Saltbush on saltland Atriple.x spp
Puccinellia and tall
wheatgrass on saline and
waterlogged land
Puccinellia ciliata, Thinopyrum
elongatum
Perennial
pastures
Lucerne, Phalaris and
others on non saline land
Medicago sativa, Phalaris aquatica
Increased cropping
Long season annuals
Annual
pastures and
crops Balansa clover on
saline/waterlogged land
Surface water control Banks, drainsAgronomic
manipulation Maximise growth Fertiliser and grazing management
1.2 Objectives of the project
The High Water Use Agricultural Systems (HWtJAS) project has the following objectives;
To establish five small sub-catchment demonstrations of vegetation strategies to reduce
soil and stream salinity problems in the 500-700 mm annual rainfall zones of the south-
west of Western Australia.
Performance indicator - successful establishment of vegetation treatments.
To measure the impact and performance of these treatments in terms of watertable
reductions, salinity control and plant productivity.
Performance indicator - data on the effectiveness of vegetation treatments.
To use these sites to extend the concepts, practicalities and benefits of well planned
vegetation strategies for salinity control.
Performance indicator - increased farmer awareness and adoption of control options
(providing they successfully address salinity andlor land degradation).
It should be noted that the HWUAS project was designed to investigate the impact of
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biologically based ‘revegetation’ treatments for the management of salinity. It was also
recognised that several engineering options exist (George et al. 1993) and that drainage
is an essential part of any revegetation or salinity control strategy. An important part of
this study was establishing farmer ownership of treatments through their active
involvement in selection and management of the systems. Trials were conducted on a
sub-catcbment scale in order to be of a manageable size for establishment and
monitoring.
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2.  Methodology
2.1 Site selection
Farmers throughout Western Australia’s south-western Woolbelt (McFarlane and
George 1994) were contacted though Land Conservation District Committees, the
Western Australian Farmers Federation, the Pastoralists and Graziers Association and
Agriculture Western Australia. They were invited to participate in the HWUAS project by
volunteering small (ranging in size from 50 to 250 ha), first order catchments which had
salinity problems representative of their districts. Five ‘high input’ and five ‘low input’
study catchments were selected from over seventy volunteered (Figure 1). High input
catchments were those in which a higher level of input into planning, establishing and
monitoring of the high water use agricultural systems was given. Low input catchments
were those where landholders were already incorporating high water use agricultural
systems, and assistance was given to establish groundwater monitoring systems. In the
high input catchments, hydrogeology was characterised through drilling, undertaking
soil, magnetometer and electromagnetic surveys, and establishing groundwater
monitoring systems. In consultation with the farmers, high water use agricultural systems
were then planned for the catchments. This report outlines the work conducted at the
Williams catchment.
Figure 1: Location of sites in the HWUAS project
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2.2 Site investigation
2.2.1 Soil
Soil types were mapped from information provided by the farmers and a field survey.
The survey was conducted using a hand auger. Holes were described to a depth of 1 m
at a grid spacing of approximately 100 x 200 m.
2.2.2 Magnetics
A Geometrics 856A proton precession magnetometer was used to detect geological
structures such as dolerite dykes, faults and shear zones. The survey was conducted on
foot with the assistance of the farmer. Survey lines were oriented parallel to the main
drainage line in order to maximise detection of cross cutting magnetic lineaments.
Survey lines were spaced 100 m apart with 50 m spacings on either side of the main
drainage line. Readings were taken every 20 m and increased to 10 m where magnetic
intensity changed rapidly.
2.2.3 Electromagnetics
Geonics Ltd. EM3 8 and EM3 1 terrain conductivity meters were used on the same
survey transects as the magnetometer. The EM38 was used in both horizontal and
vertical mode. In tests carried out in the south-west of Western Australia (Bennett et a!.
1995), 80% of the conductivity measured by these instruments was due to soil salt
storage. The remaining 20% was due to moisture content, clay structure and soil
chemistry. For the purposes of this report, terrain conductivity is used as an indicator of
salt storage. The EM38h, EM38v and EM31 are calibrated over depths of approximately
0.8, 2.0 and 6.0 m respectively. The survey was undertaken to determine the distribution
of existing salinity (EM3 8h) and to determine the likely future extent of salinity (EM38v
and EM3 1).
2.2.4 Drilling
Thirty eight representative sites within the catchment were drilled, using a GEMCO HM-
12 hydraulic rotary air blast rig, to characterise the hydrogeology and install
piezometers. Deep holes (e.g. BWO1D) were drilled to bedrock. Intermediate holes (e.g.
BWO1I) to 2 m below the estimated summer minimum groundwater level. Shallow holes
(e.g. BWO1S) were drilled to 2 m in saline areas where the watertable was close to the
surface.
The holes were logged for drill resistance and description of texture and mineralogy. Soil
samples were collected at one meter intervals for analysis of pH, chloride and electrical
conductivity (ECe and EC 1:5 water). Water samples were collected from deep and
intermediate bores and sent to the Chemistry Centre of Western Australia for analysis of
total dissolved salts (TDS) and major cations and anions. Although the drill logs and
chemical analyses are too lengthy to include in this report, they will be entered into the
AgBores database (contact Agriculture Western Australia).
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Piezometers or observation bores were installed in all of the holes drilled to allow
monitoring of groundwater to assess the effects of revegetation. Three ‘nests’
(comprising a deep and intermediate piezometer plus a shallow observation bore
located together) were installed through the centre line of the catchment. Six
intermediate piezometers were installed in various locations throughout the catchment.
Four intermediate ‘control’ piezometers were installed in areas of annual vegetation in a
neighbouring catchment. Deep and intermediate piezometers were slotted over the
lower 2 m. Shallow observation bores were slotted over the lower meter only.
Twelve very shallow observation bores were installed in 1993 to monitor perched
groundwater during winter. These were ‘water table bores’ (e.g. BW17WT), installed about
50 cm into the clayey B horizon of soil, and ‘perched bores’ (e.g. BW94P), installed to
the bottom of the A horizon.
All bores and piezometers were surveyed (error +1- 0.005 m) into the Australian Height
Datum (mAHD). Their distribution is presented in Figure 2.
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Figure 2: Location of bores and piezometers
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2.2.5 Groundwater monitoring
Water levels in piezometers and observation bores were monitored monthly, mostly by
the property managers Bill and Sandy White. Water samples were taken twice per year:
at the end of winter when water levels were at their highest, and in summer when water
levels were at their lowest. pH and EC measurements were made on these water
samples. Monitoring results will be entered into the AgBores database.
2.3 Treatments
2.3.1 Design of vegetation strategy
After completion of the site investigation, the Whites were given a range of vegetation
options for salinity control developed by researchers from Agriculture Western Australia
(AWA), the Department of Conservation and Land Management (CALM), the Water and
Rivers Commission (WRC) and CSIRO (Table 1).
An ‘alley farming’ arrangement was initially recommended, with belts of trees on the
northern hillside separated by 50-100 m of mixed annual and perennial pastures. The
managers considered this unsuitable as prime pasture and cropping land would be lost
to a system that did not have demonstrated performance in the area. CALM expressed
concerns about the alley configuration, citing the potential for drought deaths in an area
where annual rainfall was below 600 mm.
A compromise was reached with a commercial plantation of Tasmanian blue gums (E.
globulus) surrounding the saline valley, a small trial of potential timber species on the
northern hillside, perennial pastures in the saline valley (Figure 3) with protection and
enhancement of remnant vegetation on the northern divide (Appendix 5).
2.3.2 Trees
In conjunction with David Nile, a 13 ha Tasmanian blue gum (E. globu!us) plantation
was designed under the Timberbelt sharefarming scheme of 1991 (Bartle and Shea
1989). It was located upslope from, and either side of, the waterlogged and saline
drainage line. The plantation is wider to the north where soil profile is deeper, and
narrower to the south where depth to bedrock is shallow. The plantation extends just
over the catchment divide to the east (on deeper math jarrah sands), and follows the
creek line to the west. River red gum (E. camaldulensis) was planted in areas already
showing signs of waterlogging and salinity.
An area of deep lateritic gravels on the northern hillside was planted with four rows of
native eucalyptus trees (in 1991) and direct seeded with native shrubs for recharge
control (in 1993).
Tree planting lines were ripped in March to allow maximum shatter of sub-surface clay.
A D6 or D7 equivalent dozer was used to provide a ripping depth of 1 m wherever
possible. A mound of 45 cm height was formed over the rip line. Following pasture
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germination in June, a 2 m strip covering the mounds was sprayed with knockdown
(glyphosate ~ 2 1/ha) and residual herbicide (Simazine @ 8-10 1/ha). Three weeks or 50
mm rainfall was allowed for leaching of herbicides before planting. In some areas weed
control was inadequate and follow up spraying using Sprayseed was required. Planting
of seedlings was done by hand in July using tree planting tubes.
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Figure 3: Revegetation plan for valley and lower slopes.
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2.3.3 Perennial pastures
In this district, with annual rainfall less than 600 mm, the ability of perennial pastures to
survive and provide feed in mid slope areas had not been demonstrated. For this
reason, the Whites’ preference was to establish salt tolerant perennial pastures in the
valley for low input grazing.
Perennial pastures trialed in the valley (2 ha) in 1992 included Phalaris (Pha!aris
aquatica), tall wheatgrass (Thinopyrum elongatum), tall fescue (Festuca arundinacea)
and Puccinellia (Puccine!!ia ci!iata). Balansa clover was also planted. A small trial plot
(<0.5 ha) was established on the hillside to the north and consisted of single drill rows of
Phalaris, tall wheatgrass, Rhodes grass (Chioris gayana) and perennial iyegrass.
Details of pasture establishment are given in Appendices 7 and 8.
2.3.4 Fodder Shrubs
In 1993, a fodder shrub trial was established (Appendix 6) using a new selection of
forage legumes from Mediterranean regions including Rhagodiapressii, Te!ine
monspessulana, Bitumenosia bitumenosa, Medicago arborea (tree medic), Lupinus
arborea (tree lupin). Cutting every year in order to maintain feed quality and grazeability
is not necessary as these species have a shorter form than tagasaste. One species
(Te!ine monspessulana) showed potential to become an invasive weed and was
removed in 1993.
2.4 Productivity Assessment
2.4.1 Productivity assessment of trees
Tree height and diameter at breast height over bark (DBHOB) were measured and used
to estimate volume for the E. g!obu!us plantation in 1995 and 1997. Conical volume was
estimated in 1995, and the Bunnings Treefarms volume estimation (Dr. Chris Shedley
pers. com.) was used in 1997. These two techniques provide results which are within
5% of each other.
2.4.2 Productivity assessment of pastures
Feed on offer: Feed on offer was assessed by visual estimation combined with
sampling using the following technique:
determination of pasture quantity variations by walking the plot,
• estimation of pasture biomass at 20 m intervals in a series of transects across the
plot (with the aim of obtaining more than 100 records),
• laying out often 0.1 m2 quadrats, covering the full range of pasture variability in the
plot.
• estimation of pasture biomass in the quadrats,
GROUNDWATER RESPONSE AND PRODUCTIVITY F HIGH WATER USE AGRICULTURAL SYSTEMS 1990-1997
18
• cutting and sampling pasture in the quadrats,
• removal of impurities from cut samples, drying at 70°C and weighing,
• estimation of regression between estimated and actual pasture biomass. r2 values
in excess of 0.7 were considered acceptable and
• correction of estimated plot biomass using the regression.
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3.  Results
3.1 Site characteristics
3.1.1 General information
This 70 ha catchment on ‘Kievi’, a 680 ha property owned by TKK Engineering, is
located approximately 15 km north of Williams on the western side of Albany Highway.
Bill and Sandy White managed the property from 1985 until 1996 when Kim and
Kaylene (Ironow took over. Grazing sheep and cattle is the main enterprise on farm.
About 10% is cropped on a five to eight year rotation.
The farm was cleared in the late 1950’s and early 1960’s. Salinity began increasing
rapidly in the 1980’s, particularly during 1988 and 1989. By 1990, Bill and Sandy had
already revegetated two saline valleys using salt tolerant trees in an attempt to reduce
the extent, severity and visual impact of salinity. Revegetation was seen as a short term
option while seeking solutions to the problems of salinity, surface water management
and decline in remnant vegetation.
Prior to the approach made by the HWIJAS project team, this catchment had already
been selected by Bill and Sandy as the next site for reclamation. In 1990 salinity was
confmed to the valley (4 ha), but spreading upsiope to the extent that two dams in valley
and lower slope areas were becoming saline. Lower slope areas were waterlogged
through winter and spring and the drainage line was starting to gully in bare areas.
3.1.2 Climate
Williams’ climate is dominated by long dry summers and cool wet winters. Mean annual
rainfall is 543 mm. On average, 14% of rainfall occurs between November and March.
Mean annual evaporation (potential evaporation from class-A pan) for the nearest
station (Narrogin) is 1869mm.
Annual rainfall over the last century (1885-1996) has ranged from as low as 292 mm in
1940 to as high as 960 mm in 1955. Historical rainfall records for Williams show at least
three major cycles of increasing and decreasing rainfall over the last century (Figure 4a).
The first cycle was characterised by above average rainfall from 1885 to 1895, followed
by below average rainfall from 1895 to 1915. The second cycle occurred between 1915
and 1946. The third cycle followed, characterised by rainfall generally above average
from 1946 to 1965, a period of average rainfall from 1965 to1978 and a period of below
average rainfall from 1978 until the present.
During the course of this project monitoring was conducted towards the end of the third
cycle when rainfall was mostly below average. From 1989 to 1996 rainfall was below the
average for all years (Figure 4b), except 1992 (decile 6) and 1996 (decile 7). The years
1989, 1990 and 1994 were well below average (decile 2, 3 and 1 respectively), with only
347 mm total rainfall recorded for 1994. There was a very wet year in 1996 with 390 mm
of winter rainfall compared to the winter average of 277 mm.
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Figure 4a: Residual monthly rainfall mass for Williams (1885-1996).
Figure 4b: Monthly rainfall for Williams from 1989 to 1996
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3.1.3 Hydrogeological background
This catchment lies on the Archean Yilgarn Craton (Wilde and Low 1980), a stable
geologic zone dominated by granite, gneiss and other igneous rocks. These rocks have
been intruded by swarms of Proterozoic mafic dykes such as dolerite and gabbro. Deep
weathering of the rocks has resulted in the development of a regolith dominated by ‘in
situ’ remnants of the parent rock (George 1992). In some areas throughout the region
Cainozoic sediments also occur, some deposited from previously active river systems
(palaeochannels) and others in slow moving or stagnant swamps (lacustrmne
sediments). All of these processes have lead to a highly structured, poorly defined and
relatively low permeability groundwater flow system (George et a!. 1997).
The geology at this catchment is dominated by granitic rocks which have been intruded
by numerous dolerite dykes striking approximately north-west to south-east.
3.1.4 Soils
The catchment is situated on the Michabin and Norrine soil-landscape subsystems
(McArthur eta!. 1977). These form part of the Quindanning system, characterised by
deep granitic valleys with deep sandy duplex soils, shallow sands, loamy duplex soils
and bare rock, within the Eastern Darling Range Zone.
The main soil type is a loamy gravel which varies in depth to the north and south of the
main drainage line. Soils to the north are deeper gravelly loams (up to 70 cm to clay)
compared to much shallower gravelly loams with lower gravel content (30 cm to clay) to
the south. Two areas of deep sandy duplex soil, previously dominated by math (E.
calophylla), occur in the upper eastern area of the catcbment near the divide, with a
smaller area located in the upper northern catchment. Ridge lines to the north and east
comprise extensive shallow gravels on laterite associated with jarrah (E. marginata) and
powderbark wandoo (E. accedens). A red loamy duplex soil is associated with an area
of rock outcrop of dolerite or gabbro to the north west. Salinity in the valley is influenced
by a dolerite dyke striking north west-south east across the catchment. In the valley
loamy duplex soils with strong gleying and mottling in the B horizon are common. Major
soil types of the catchment are presented in Figure 5.
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Figure 5: Soil map of the catchment.
Gravelly loam (Note: shallower on S side of creek)
Deep sandy duplex
Shallow clay
Loamy valley duplex
Red duplex & outcrop
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3.1.5 Geology
The magnetic survey indicated the presence of at least two major magnetic features
striking NW-SE across the catchment. The most westerly of these can be identified as a
dolerite dyke from the outcrops situated on the southern side of the creek line and the
valley floor. The second feature runs through the north east hillside and aligns with two
saline areas in neighbouring catchments to the south east. Outcrops of dolerite are also
present here. Results of the magnetic survey are presented in Figure 6.
Figure 6: Magnetic survey of the catchment.
magnetic intensity (nT)
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3.1.6 Salinity
Salinity is mainly confined to the creek line in the western end of the catchment. The
EM38h (rootzone - 0-0.75 m depth) detected an area of 7 ha in the valley with
conductivity 50-100 mS/rn, and 4 ha with conductivity greater than 100 mS/rn. The
EM38v (0-2.0 m depth) survey shows a similar pattern in the valley, with an additional 1
ha of slightly saline land (50-100 mS/rn) evident to the east of the main drainage line.
The area showing conductivity greater than 100 mS/m was smaller (1 ha).
The EM3 1 (0-5.0 m depth) survey identified a total area of approximately 12 ha with
high deep subsoil conductivity ranging from 50 to 100 mS/m. The areas were situated in
the creek line with adjoining areas in the lower end of the catchment. There was also an
area near the catchment divide. Results of the electromagnetic surveys are presented in
Figure 7.
3.1.7 Hydrogeology
Depth to bedrock on the northern half of the catchment decreases from 12 m near the
catchment divide to 7 m in the drainage line. Bedrock is much shallower on the southern
half of the catchment with depths of 2-3 m common. Salt storage in the deep profiles on
the northern divide averages 0.7 kg/m3, equating to 180 t/ha (Appendix 1). Salt storage
decreases within the shallow soils on the southern side of the catchment (average 0.2
kg/rn3, total 7-12 t/ha) and increases in the valley (average 1.4-1.7 kg/rn3, total 200-400
tfha). At the saline seep, salt storage is very high (average 6 kg/rn3, total 700 tfha).
Groundwaters in deep and intermediate piezometers in the valley typically have a
salinity of around 1500 mS/rn. In the mid slope area, groundwater is fresher at 50-300
mS/rn.
The capacity of the aquifer to deal with recharge without an increase in salinity was
estimated at 4-10 mm (Appendix 9). Estimated recharge (using the amplitude of
hydrographs and a specific yield of 2-5 %) is 20-50 mm, suggesting that in 1990 that the
areas affected by salinisation was likely to continue to expand.
A complete table of groundwater saliities is presented in Appendix 2, piezometer records
are presented in Appendix 3 and bore location, depth and elevations in Appendix 4.
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Figure 7: Electromagnetic survey of the catchment.
EM38(H)
EM38(V)
EM31
Electrical conductivity
(mS/m)
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3.2 Productivity of the vegetation systems
3.2.1 Commercial E. globulus for pulp
Tree height and diameter at breast height over bark (DBHOB) were measured at 4.1 and
6.2 years of age, allowing the first productivity estimates for the plantation. Results are
presented in Table 2 below. By 6.2 years of age the standing volume range was around
40-80 rn3/ha. These figures equate to a mean annual increment (MAI 1991-1997) of 6-
13 m3/ha!yr and a current annual increment (CM 1995-1997) of 12-28 m3/ha/yr.
Table 2: Height, diameter, estimated volume and stocking for Tasmanian blue gum
trees at 4.1 and 6.2 years age.
Site Height (m) DBHOB (cm) Volume (m3/ha) Stocking (trees/ha)
4.1 yrs 6.2 yrs 4.1 yrs 6.2 yrs 4.1 yrs 6.2 yrs 4.1 yrs 6.2 yrs
Plot 1 (a) 7.2 103 8.8 11.7 13.2 38.0 828 779
Plot 2 (a) 9.1 11.9 10.0 14.1 21.2 60.7 828 767
Plot 3 (a) 8.8 13.3 10.6 15.3 27.7 82.7 864 783
Note: DBHOB = Diameter at breast height over bark
(a) limited tree numbers (stratified by diameter) used for height measurement in
1997, volume estimated using Bunnings function (Dr. Chris Shedley pers. com.)
The fastest growth rate was in the ‘jarrah-marri’ sandy duplex soils near the eastern
catchment divide. In this area groundwater depth is 1-3 m with conductivity 800-1400
mS/rn. Lowest productivity was observed in the saline waterlogged valley on the
margins of the plantation. Here the soil type is a ‘flooded gum’ duplex with gleyed
medium clay B horizon and groundwater (1500-2500 mS/rn) within a meter of the
surface.
Most trees were damaged by ‘twenty eight’ parrots (Barnardius zonarius). Drought
deaths in 1994 were observed in the vicinity of the dolerite dyke. Some deaths due to
salinity and waterlogging occurred on the lower slope margins.
3.2.2 Perennial pastures
Barley grass dominated the pasture during the first year, providing strong competition for
newly sown perennials. Pasture establishment was influenced by salinity and
waterlogging intensity (Appendix 8). In autumn 1994, the average density of perennial
grasses was measured at eight plants/rn2. Highest density (15-25 plants/rn2) occurred in
the severely salt affected areas (EM38 >100 mS/rn) where only Puccinellia grew, with
lowest density (0.5-3 plants/rn2) in the lower creek line where weed control was poor.
Tall wheatgrass was the dominant perennial pasture in almost all areas, with an average
density of three plants/rn2 (range 0.4-7.2 plants/rn2).
Feed on offer was measured during summer and autumn of 1993/94. Green feed
measurements of 0.5-8.0 t/ha were recorded for the perennial component, with an
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average of 2.0 t/ha.
Thirty one head of cattle were weaned into the trial area on 7 December 1993. The
weaners grazed the perennial pastures, fodder shrub trial and dry annual pastures of the
valley and commercial tree plantation without supplementary feed. Average weight at
weaning was 330.7 kg and when weighed again 19 January 1994 (41 days later), the
average weight change was a loss of 1.3 kg. Weight loss of this order within the first
month post-weaning is normal. The usual farm practice at ‘Kievi’ is to provide
supplementary feed to weaners during this time.
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3.3 Effect of vegetation on groundwater systems
3.3.1 Piezometer records
The effect of revegetation on groundwater levels can be seen where the fall in water
levels under trees are of a greater magnitude (1-2 rn) than those under annual
vegetation (0-1 rn). This trend can be seen in shallow and intermediate bores (2-6 m
deep) located within 15 m of tree plantings. While the trends under annual vegetation
are primarily due to variation in rainfall, drawdown under trees results from reduced
recharge due to a mixture of low rainfall and increased water use by the trees.
Examples of changes in monthly groundwater levels (hydrographs) for selected
piezometers is given below in Figures 8-11. These piezometers are typically 3-6 m deep
and show the effects of the treatments on shallow watertables. They were chosen
because they represent the various groundwater regimes and responses to revegetation
at this catchment. It is too early for any changes in the deeper groundwater systems to
be detected. A cornplete record for all piezometers is given in Appendix 3.
Figure 8: Hydrograph for bore BWO7I.
This ‘control’ bore is located under annual
vegetation in the adjacent catchment. A
slight rising trend occurred during the six
years of monitoring. The winter maximum
levels were greater in years when rainfall
was higher.
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Figure 9: Hydrograph for bore BWO6I.
This bore is located immediately upslope
from the tree plantation on the northern
hillside. Groundwater levels rose (0.5 m/yr)
during the first two seasons. Summer
minimum levels fell over the following drier
years and then stabilised in 1995/6. Winter
maximum levels were influenced by
rainfall. Continued monitoring will
determine the long term effect of the trees.
Figure 10: Hydrograph for bore BWO1I.
This bore is located in the E. globulus
plantation. Water levels rose 0.3 mlyr
directly after planting. They then fell
significantly (1.7 m in three years) in
response to lower rainfall and the water
use of the trees. Levels stabilised in
1995/6. Winter maximum levels were
influenced by rainfall, but were about 1 m
lower by the time the trees reached three
years of age.
Figure 11: Hydrograph for bore BWO8I.
This bore is located in the drainage line
amongst perennial pastures. There are E.
globulus plantations upslope on either side
(about 15 rn north and 50 rn south). Both
summer and winter water levels were
lowered by about 1 m after 1993.
3.3.2  Landscape sections.
GROUNDWATER RESPONSE AND PRODUCTIVITY F HIGH WATER USE AGRICULTURAL SYSTEMS 1990-1997
30
Figure 12 depicts a landscape ‘long section’ (running east-west) to show summer
minimum water levels in 1991 and 1996 together with the soil surface and subsurface
features. This shows the influence of the dolerite dyke, forcing groundwater to the
surface immediately upslope, and the general drawdown in water levels between 1991
and 1996.
Figure 12:  Landscape section along the drainage line showing changes in summer
minimum groundwater levels from 1991 to 1996 and the influence of a dolerite dyke.
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Figure 13 represents a cross-section of the catchment (north-south) showing that water
levels have fallen beneath the blue gum plantation in the valley after dry years at the
end of the summer of 1995/96. On the southern side of the creek where bedrock is
shallow, the complete profile was dried out over summer. Following a wet winter during
1996, the watertable rose slightly (by 0.06 m) under the trees in the valley, and greatly
under annual vegetation on the upper slopes.
Figure 13:Landscape cross section showing changes in summer minimum groundwater
levels from 1991 to 1996.
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4. Discussion
4.1 Hydrogeology
Development of salinity in this catcbment is characterised by passive discharge in the
valley. High piezometric heads (1-2 rn above ground) cause active discharge
immediately upslope from the dolerite dyke. Estimates of the aquifer’s discharge limit
suggested that, with the amount of recharge occurring in 1990, the saline area was likely
increase (Appendix 9). The most probable areas for expansion are where EM3 1
conductivity readings are higher. These include areas upsiope from the creek line on the
northern side of the catchment, particularly to the west, and the minor drainage line in
the north-east.
While increasing piezornetric heads are typical upslope of dykes in this region (Engel et
al. 1987), pressures at BWO3 show strong downward heads. This indicates that
recharge is occurring, probably through a highly permeable zone within, or adjacent to,
the dyke.
4.2 The impact of vegetation
A technique used by Schofield et al. (1989) to examine the changes in groundwater is to
compare the yearly minimum groundwater levels. These changes are presented for all
intermediate depth bores in the catchment in Figure 14.
Figure 14:Change in summer minimum groundwater levels (199 1-1996) according to
landscape position and proximity to trees.
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This analysis compares the changes in yearly minimum groundwater levels between
1991 (pre-treatment) and 1996 (once trees are established). The amount of change is
plotted against the elevation of the piezometer (mAHD). This helps to separate
piezometers in the valley (to the left of the graph) from those on the hilltop (to the right of
the graph). Different symbols are used to differentiate between piezometers within the
tree planting (in trees), within 15 m of the trees (near trees) and greater than 15 m from
the trees (no trees). For this analysis, intermediate depth piezometers are used
because they provide the best indication of early changes within the groundwater
system.
Changes due to revegetation are most evident during summer. Between 1991 and 1996
groundwaters adjacent to and within the trees showed large water level reductions (0.9-
1.3 m). Over the same period groundwater levels outside the trees remained constant or
increased slightly. The effect of revegetation on winter groundwater levels is less
dramatic and appears to be more dependant on seasonal conditions. For example,
summer drawdowns for bores BWO1, BW1 1 and BWO6 were 1.7 m, 1.4 rn and 1.0 m
respectively, while winter drawdowns ranged between 0.6-1.0 rn. Following a wetter
year during 1996, winter levels returned to within 0.5 m of those recorded in 1992.
Ongoing monitoring will be required to demonstrate the nature and full extent of the
impact of trees on groundwater control.
On the southern side of the catchment where bedrock is shallower (3-5 m) the E.
globu!us plantation had de-watered the aquifer during the summer of 1996. While this
will have beneficial effects in reducing groundwater input from this side of the catchment,
it raises questions about future productivity of the trees and the possibility of drought
death in this area. In contrast, the trees on the northern side of the catchment are
established over deeper bedrock (>5 m) and may be unable to access recharge from
upslope.
It is important to point out that the vegetation strategy adopted at this catchment does
not address the issue of excess recharge in upper slopes and can therefore only be
regarded as a short to mid term solution. If complete groundwater control is desired,
management systems will be required for upslope areas of the catchment. The
accumulation of salts in the valley due to tree water use may also be a problem and
ongoing monitoring of salinity levels in the bores is recommended.
Because recharge control systems were not adopted on the upper slopes, their potential
effect was examined using a one dimensional cascading bucket water balance model
called ‘AgET’ (Argent and George 1997). The model estimates the components,
evapotranspiration, runoff and deep flow (recharge) using the climate records for
Williams from 1954-1993. Results are presented below in Table 3.
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Table 3: Estimated annual evapotranspiration, runoff and recharge for different land
uses.
Land Use Evapotrans-
piration
(mm/yr)
Runoff
(mmlyr)
Recharge
(mm/yr)
Clover pasture
Serradella
lin5cropping
Continuous cereal
4 yrs lucerne: 3 yrs cereal
Lucerne
Tagasaste
Eucalypts
Pre-clearing vegetation
340
390
360
420
500
540
560
560
560
190
140
170
120
100
100
90
90
90
120
110
110
100
40
15
0
0
0
Although these figures are based on many assumptions, they point out the relative scale
of water use for different recharge control options. Lucerne, phase cropping with
lucerne, eucalypts and tagasaste have the potential to greatly reduce recharge over
upper slope areas. These vegetation options have deep root systems and are able to
use water over summer and autumn months.
4.3 Productivity of the vegetation system
4.3.1 Commercial E. globulus
The most productive section of the commercial blue gum plantation, with a growth rate
of 13 m3/halyr, is probably at the lower limit required for the enterprise to be profitable.
Because the plantation is in an area where rainfall is marginal and there has been very
limited research, prediction of the final volumes is very risky. On the lower slope margins
of the plantation salinity and waterlogging are likely to cause reduced growth or death of
trees and these sites will almost certainly fail to produce commercial volumes of
pulpwood. Continued monitoring will be necessary to determine the final yield for the
site.
4.3.2 Trees for timber
Planted on a very favourable soil type, with fresh to brackish groundwater (60-500
mS/rn) within 1-3 m of the surface, the small trial of eucalypts and acacias for timber
production is well located. Damage caused by parrots and cattle means that form
pruning will be essential very soon (1998) if the trees are to produce saleable logs.
Many trees have been so extensively damaged that no amount of pruning will correct
their form.
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4.3.3 Pastures
Perennial pastures planted in the valley provided 0.5-7 t/ha out of season feed while
stabilising the drainage line against further erosion. It is likely that feed quality and
quantity will be greater in years with summer rainfall. Perennial pastures are a valuable
asset in revegetation design because they increase or maintain productivity of areas
where conventional crops and pastures are failing. Grazing requirements for persistence
can be integrated with grazing for fire hazard reduction within the blue gum plantings.
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5.  Conclusion
5.1 Hydrogeology
• At the commencement of this project the groundwater system at this catchment
was out of hydrological balance with recharge greatly exceeding discharge.
• Salinity is developing in the lower slope area due to confluence of groundwater and
obstruction to flow caused by a dolerite dyke.
5.2 Choice of vegetation system
• The vegetation system adopted was based on salt tolerant perennial pastures in
the valley floor with a commercial planting of E. globulus immediately upslope. An
area of renmant vegetation near the northern catchment divide was fenced then
improved using seedlings and direct seeding.
• While the need for high water use vegetation systems in recharge areas was
recognised, treatment of the valley floor and lower slopes were options preferred
by the farmers.
• The decision to revegetate the valley and lower slope areas was driven by the high
salinity risk for this part of the farm and the lack of systems available for recharge
areas with demonstrated effectiveness and economical returns.
5.3 Effectiveness of the vegetation system at groundwater control
• Summer minimum groundwater (4-8 m depth piezometers) was lowered by up to
1.3 m under the tree plantation and at the margins of the plantation. However,
winter levels were only reduced by 0-1m , with a lesser reduction in years of higher
rainfall. After six years the deep groundwater system remained unaltered.
• The long term effects of the vegetation system could not be fully established in the
first seven years of monitoring due to lower than average rainfall and the early
stage of development of the revegetation system.
• Increased water use in mid and upper slope areas of the catchment remains
necessary for complete groundwater control.
5.4 Productivity of the vegetation system
• Phalaris, tall wheatgrass and Puccinellia were perennial pastures best able to
establish and persist in the moderately saline to saline (EM38 50-150 mS/rn) valley
with seasonal waterlogging.
• Productivity of the commercial E. globulus plantation was affected by salinity and
waterlogging in some areas. The mean annual increment for the first six years (MM
1991-1997) was 6-13 m3/ha/yr. Salinity and waterlogging caused tree death or
severely reduced growth rates in the lower slope margins of the plantation. Drought
deaths occurred in the immediate vicinity of a dolerite dyke.
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8. Appendicies
Appendix 1:  Soil pH and EC profiles with estimated salt storage
  EC 1:5 water (mS/m) pH 1:5 water
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  EC 1:5 water (mS/m) pH 1:5 water
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Appendix 2: Groundwater salinities.
DATE BWO1D BWO1I BWO1S BWO1P BWO1WT BWO2D BWO2I BWO2S
16/02/91 1760 1420 - - - 1530 1435 1640
19/08/91 1685 1375 1970 - - 1620 1290 1220
04/03/92 1847 2030 1438 - - 1694 1458 1694
11/08/92 1422 1253 264 - - 1259 1175 657
17/02/93 1640 1160 - - - 1418 1419 1504
25/08/93 1188 990 259 - - 1230 1176 644
14/03/95 959 817 - - - 1484 1498 -
23/08/95 770 441 414 60 245 1479 1430 905
22/02/96 786 908 - - - 1451 1494 1580
Electrical Conductivity (EC) mSm-1
DATE BW02P BW02WT BW03D BW03I BW03S BW04I BW05D BW06I
16/02/91 - - 2030 2020 331 313 326 101
19/08/91 - - 1920 1930 1790 673 123 370
04/03/92 - - 2050 1990 1790 372 288 59
11/08/92 - - 1523 1508 1387 293 100 29
17/02/93 - - 1702 1676 1516 342 239 44
25/08/93 446 - 1457 1440 1323 293 120 30
14/03/95 - - 1789 734 1537 392 333 47
23/08/95 400 451 1779 1720 1530 399 123 37
22/02/96 1775 1713 1513 393 344 75
Electrical Conductivity (EC) mSm-l
DATE BWO7I BWO7S BWO8I BWO8P BWO8WT BWO9D BW1OD BW11D
16/02/91 940 915 1400 - - - 350 535
19/08/91 950 610 1570 - - - 280 520
04/03/92 992 765 1616 - - - 298 541
11/08/92 753 495 1207 - - - 253 399
17/02/93 889 558 1395 - 959 - 235 446
25/08/93 746 428 1170 790 684 - 173 375
14/03/95 975 590 2340 - - - 170 427
23/08/95 986 409 1502 1390 1180 - 159 443
22/02/96 987 703 1674 - - - 185 425
Electrical Conductivity (EC) mSm-l
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Appendix 2 (cont.): Groundwater salinities.
DATE BW11P BW11WT BW12D BW13I BW14D BW15I BW16D BW17P
16/02/91 - - 960 - - - - -
19/08/91 - - 1059 578 420 310 123 -
04/03/92 - - 976 556 - 33 290 -
11/08/92 - - 753 428 93 23 51 -
17/02/93 - - 862 445 550 25 196 -
25/08/93 - 211 552 374 305 21 62 460
14/03/95 - - - 423 373 28 - -
23/08/95 - 454 408 414 366 30 64 441
22/02/96 - - 1195 430 - 42 193 -
Electrical Conductivity (EC) mSm-1
DATE BW17WT BW18P BW18WT BW19P BW19WT
16/02/91 - - - - -
19/08/91 - - - - -
04/03/92 - - - - -
11/08/92 - - - - -
17/02/93 - 767 805 - 257
25/08/93 - 593 - - 138
14/03/95 - - - - -
23/08/95 497 938 800 - 158
22/02/96
Electrical Conductivity (EC) mSm-1
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Appendix 3:  Piezometer records 1990 - 1997
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Appendix 4:  Bore location, elevation and depth
Bore No. Landform Total depth (m) Elevation (m)
BWO1D MID SLOPE 10.98 280.798
BWO1I MID SLOPE 5.26 280.687
BWO1S MID SLOPE 2.30 280.627
BWO2D LOWER SLOPE 6.94 275.3 12
BWO2I LOWER SLOPE 5.09 275.201
BWO2S LOWER SLOPE 3.02 275.276
BWO3D SALT 8.34 270.154
BWO3I SALT 6.22 270.082
BWO3S SALT 2.88 270.256
BWO4I LOWER SLOPE 5.57 265.123
BWO5D MID SLOPE 3.33 278.301
BWO6I MID SLOPE 5.04 279.022
BWO7I MID SLOPE 4.92 275.140
BWO7S UPPER SLOPE 1.84 275.160
BWO8I LOWER SLOPE 4.24 269.016
BWO9D UPPER SLOPE 12.29 292.588
BW1OD MID SLOPE 2.85 275.808
BW11D LOWER SLOPE 4.35 275.366
BW12D MID SLOPE 2.18 274.534
BW16D MID SLOPE 2.26 279.045
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Appendix 5: Species list for the regeneration of remnant vegetation.
Botanical name Common name
Eucalyptus marginata Jarrah
Eucalyptus wandoo Wandoo
Eucalyptus accedens Powderbark wandoo
Eucalyptus drummondii Drummond’s gum
Acaciapulchella Prickly moses
Acacia microbotrya Manna wattle
Allocasuarina huegleiana Rock sheoak
Allocasuarina humilis Dwarf sheoak
Hakea lissocarpha Honeybush
Bossiaea aqu~folium Waterbush
Leptospermum erubescens Tea-tree
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Appendix 6: Fodder shrub trial.
Forage Plants for Recharge Areas
Species evaluation experiments
Primary sites: (1 ha each with 50 spp. by 8 replicates in the wheatbelt. less than 450
mm armual rainfall): Morowa 1, Morowa 2. Merredin, Dowerin, Beverley 1, Beverley 2,
Katanning.
Secondary sites: 50-100 m of row of 5-10 spp. for observation and seed increase in the
higher rainfall southwest and great southem’i: UWA field station, Perth: Medina
Research Station, Perth; Williams (White’s), Kojonup (\Vooldndge’s;; Newdegate
Research Station.
Williams site
BiII and Sand White, “Kiesi”, 12 km north of Williams on the Albany Highway (098)
856025. Yellow brown loam (Isbel classification: Yellow Kandasol). Surface: pH 5.5 (1:5
in water), electrical conductivity 7 (mS/rn); 1-2 m, 5.5 and 19. Groundwater depth;
summer 2m. winter im; groundwater quality 300-500 mS/rn.
Species:
shrubs Acacia ,nicrohotrva manna gum. WA
Bitumenarfa bitumenosa pitch trefoil. Spain
Lupinus arhorea tree lupin. NZ
Medicago arborea tree medic. Greece
Rhagodia preissli rhagodia. \VA
Teline monspessulana teline. Greece
herbaceous perennials Lotus palustris birdsfoot trefoil, Israel
Planting date: July 15 1992
Observations: Lupinus arborea flowered and set seed spring/summer 1992, died
autumn 1993. Bitumenaria bitumenosa and Lotus palustris flowered and set seed
spring/summer 1992 with a large number of volunteer seedlings of both species noticed
in winter 1993 ; all plants removed of these two species in early spring 1993. Rhagodia
preissii, Medicago arborea and Teline monspessulana all over 80% survival in late
spring 1.993. These three species measured and harvested on 23/11/1993. Area grazed
by cattle in summer 1993.
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Edible Dry Matter yields at 16 months
Species Mean Edible Dry Matter* EDM from best site
(at 24 months old)
Medicago arborea 377 150 (Beverlev 2)
Teline monspessulana 839 253 (Katanning)
Rhagodia preissii 1,466 2930 (Morowa 1)
* EDM in gm/plant, which at 2rn by 5m spacing (l000stems/ ha) is equivalent to kg/ha
GROUNDWATER RESPONSE AND PRODUCTIVITY F HIGH WATER USE AGRICULTURAL SYSTEMS 1990-1997
52
Appendix.7: Pasture trials 1992.
1 – Hillside planting
Location - In mixed planting area
immediately north of commercial bluegums
Preparation - One cultivation (2 weeks
before seeding)
Seed bed - Dry and “fluffy”
Seeding technique - Seed dropped on
surface by Connor-Shea 10 run disc
seeder. Discs set for light cultivation and
seed coverage
Seeding date – 20.5.92
Other – Moderate showers 1 day after
seeding
2 - Valley planting
This site was sown as a “shotgun” mix
comprising the following pastures
Location - saline and waterlogged valley
Preparation - Autumn burning (1992)
followed by 3 cultivations
Pasture Variety Kg/ha
Seed bed - moist and even
phalaris Sirolan 3
phalaris Sirolan 3
fescue Au-triumph 4
Seeding technique - seed dropped on
surface by Connor-Shea 10 run disc
seeder (seed tubes removed). Harrowed
directly before and after seeding
tall wheat grass Tyrrell 6
Seeding date - 29.4.92
puccinellia 1.5
Other - rolling would have been benificial
clover Balansa 2.5
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Appendix 8:  Pasture trials 1993.
plant density counts
1.6.93 – (13 months after sowing)
Count for each location is the
average of 10 randomly placed
quadrats 1 square metre in size
note: only sown pasture varieties
were counted.
No. Landscape position To
ta
l
pu
cc
in
el
lia
ta
ll 
w
he
at
gr
as
s
ph
al
ar
is
fe
sc
ue
ba
la
ns
a
1 well drained shallow clay 10.5 0 4.5 4.6 1.4 0
2 winter & spring waterlogged valley floor 6.9 0 3.6 1.3 1.0 1.0
3 valley side – winter waterlogged 1.1 0 0.5 0.3 0.1 0.2
4 main valley – winter & spring
waterlogged
6.6 0 2.7 0.2 0.2 3.5
5a well drained valley side - south 8.6 0 5.6 2.8 0.2 0
5b well drained valley side – north 9.1 0 5.2 3.2 0.7 0
6a saline – well drained 25.6 21 4.6 0 0 0
6b saline – poorly drained 15.4 7.6 7.2 0. 0.6 0
6c saline – almost bare 18.4 13 5.4 0 0 0
6d saline – mild (barley grass dominant) 6.0 4.5 1.5 0 0 0
6e saline – bare 0 0 0 0 0 0
7 immediately below dyke 7.1 0 4.7 1.4 1.0 0
8a winter waterlogged sandy creekline – 0.9 0.7 0.2 0 0 0
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No. Landscape position To
ta
l
pu
cc
in
el
lia
ta
ll 
w
he
at
gr
as
s
ph
al
ar
is
fe
sc
ue
ba
la
ns
a
upper south
8b winter waterlogged sandy creekline –
upper north
3.5 0.9 2.6 0 0 0
9a winter waterlogged sandy creekline –
lower south
0.4 0 0.4 0 0 0
9b winter waterlogged sandy creekline –
lower north
0.6 0.2 1.3 0.1 2.0 0
X average 7.7 3.0 3.1 0.9 0.4 0.3
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Appendix 9:  Estimation of aquifer discharge limit
CELL b w i
1 6.5 225 0.04
2 6.5 85 0.03
3 3.0 125 0.025
1 – Deep gravelly loam, higher slope
2 – Sandy loam, medium slope
3 – Shallow clay, lower slope
b  *  k = T Q = T  *  w  *  i
(A2) 0.5*0.5 = 0.25 = 0.775 * 225 * 0.04
(MZ & PZ) 5.5*5.5 = 0.275 = 7.0 cubic metres per day
(SG) 0.5*0.5= 0.25 = 2546 cubic metres per day
= (10mm annual recharge)
0.775
b  *  k = T Q = T  *  w  *  i
(A2) 0.5*0.5 = 0.25 = 0.775 * 85 * 0.03
(MZ & PZ) 5.5*0.05 = 0.275 = 1.98 cubic metres per day
(SG) 0.5*0.5= 0.25 = 721 cubic metres per day
= (10mm annual recharge)
0.775
b  *  k = T Q = T  *  w  *  i
(A2) 0.3*0.5 = 0.15 = 0.465 * 125 * 0.025
(MZ & PZ) 2.3*0.05 = 0.115 = 1.45 cubic metres per day
(SG) 0.4*0.5= 0.2 = 530 cubic metres per day
= (4mm annual recharge)
0.465
Note: Numbers in brackets indicate the equivalent annual recharge in mm to meet the
aquifer limit for the indicated cell
